Background. Antibiotic use is the main driver for carriage of antibiotic-resistant bacteria. The perception exists that failure of antibiotic treatment due to antibiotic resistance has little clinical impact in the community.
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METHODS
Search Strategy and Inclusion Criteria
We systematically searched electronic databases (MEDLINE, EMBASE, PubMed, Cochrane Central Register of Controlled Trials, and Web of Science) from inception to 15 April 2016 with no language restrictions. We used the Medical Subject Headings (MeSH) terms and validated search filters for "antibiotic resistance" [23] and "primary care/community setting" [24] and keywords "antibiotic resistance, " "skin or soft tissue infections, " "respiratory tract infections, " "otitis media, " and "urinary tract infections" (Supplementary Data Files 1 and 2).The review protocol was registered on the PROSPERO database (CRD42015032441).
Observational studies and randomized controlled trials (RCTs) were eligible for inclusion if the study was conducted in a community setting (general practice, hospital outpatient clinic, or emergency department) and reported patient-level data on laboratory-confirmed potentially pathogenic infections, antibiotic resistance, and clinical outcomes. Studies solely conducted in hospital inpatient settings, involving patients with hospital-acquired infections and highly specific patient groups in whom specialised antibiotic treatment strategies are recommended (eg, cystic fibrosis), were excluded.
We categorized respiratory-tract infections (RTIs) into community-acquired pneumonia (CAP), sore throat/pharyngitis, acute otitis media (AOM), and acute maxillary sinusitis (AMS).
Our primary outcome was clinical response failure, which we defined as the persistence of symptoms after completion of antibiotic treatment. Where studies reported outcomes at >1 time point, we selected the time point closest to 7-14 days from baseline to reflect the duration of typical antibiotic regimens. Secondary outcomes were reconsultation, further antibiotic prescriptions (both within 30 days from baseline), symptom duration, and symptom severity.
Data Extraction and Risk of Bias Assessment
Two reviewers (O. V. H., J. J. L.) independently extracted data on the characteristics of included studies (Table 1 and Supplementary  Data File 2) . For RCTs, outcome data for antibiotic-resistant and antibiotic-sensitive infections were extracted separately for each treatment arm because RCT studies only determined whether infections were antibiotic-resistant or antibiotic-sensitive after patients had already been randomized, hence randomization was not stratified according to antibiotic resistance.
Data had to be reported in sufficient detail to assess relevant outcomes between patients with antibiotic-resistant and antibiotic-sensitive infections in order to construct a 2 × 2 contingency table. Where possible, we extracted outcomes for antibiotic-resistant and antibiotic-sensitive infections whereby resistance and sensitivity were defined in relation to the same antibiotic or class of antibiotic as the antibiotic being prescribed.
If studies reported intermediate levels of antibiotic resistance for certain infections, these were classified as antibioticresistant infections in our analysis. If there was no agreement between susceptibility and treatment antibiotic, or the study did not report the type of antibiotic prescribed, studies were still included but specifically highlighted.
The quality of the included studies was assessed independently by 2 reviewers (O. V. H., J. L.) for RCTs and observational studies based on their respective risk-of-bias tool, namely the Cochrane Collaboration's tool for assessing risk of bias in randomized trials and critical appraisal skills programme (CASP) checklist for cohort studies (Supplementary Data File 3) [25, 26] .
Statistical Analysis
To compare the odds of clinical response failure between antibiotic-resistant and antibiotic-sensitive infections, we calculated odds ratios (ORs) with 95% confidence intervals (Cis) for infections where data were available from ≥3 studies for the same bacterial pathogen using random effects meta-analysis. Heterogeneity was assessed using the χ 2 test and I 2 statistic.
Odds ratios in relation to reconsultation and further antibiotic prescriptions were calculated using similar methods. For continuous data, we planned to plot survival curves where possible for duration and severity of symptoms in antibiotic-resistant versus antibiotic-sensitive infections. Subgroup analyses were performed according to study design (observational studies vs RCTs) and type of healthcare setting (general practice, hospital outpatient clinic, or emergency department). Results were summarized narratively where data were not sufficient to perform meta-analysis or plot survival curves. Analysis was conducted using StataSE version 13.
RESULTS
We identified 10 681 records, of which 136 full-text articles were assessed. The most common reason for exclusion (n = 31/110) was that clinical outcomes were not reported separately for antibiotic-resistant versus antibiotic-sensitive infections.
Twenty-six studies were included (Figure 1 ), of which 13 were observational studies, 8 were RCTs, and 5 were secondary analyses of pooled RCT data [27] [28] [29] [30] [31] . Six studies were conducted in primary care/general practice, 12 in hospital outpatients, 1 in a mixed outpatient/primary care setting, 2 in a mixed outpatient/ inpatient setting, 1 in an emergency department setting, and 4 in another community setting which was not clearly defined (Table 1) . Our included RCTs and secondary analyses of pooled RCTs did not report any duplicate data.
Data relating to ≥1 study outcomes were available for 15 580 patients, of whom 6617 patients had a laboratory-confirmed potentially pathogenic bacterial infection. Data on whether the infection was antibiotic-resistant or antibiotic-sensitive were also available for 5659 of these patients (antibiotic-resistant: n = 1268; antibiotic-sensitive: n = 4391) ( Table 2) .
Clinical criteria for obtaining urine samples and diagnosing urinary-tract infections (UTIs) varied between studies. Diagnostic thresholds used to define Escherichia coli UTIs were reported as being >10 4 colony-forming units (CFU) in 3 studies (Supplemetary Data File 4A) [32] [33] [34] . Four studies obtained urine samples from patients with urinary symptoms and positive urine dipstick test [32, 33, 35, 36] , 2 studies obtained urine samples from patients with urinary symptoms only [37, 38] , 1 study obtained urine samples from patients with "clinically suspected" UTI [8] , and 2 studies did not report selection criteria for obtaining urine samples [34, 39] . Most UTI studies counted infections of mixed uropathogens as indicating an infection; however, the dominant bacterium (>65%) was E. coli in all UTI studies. Where calculations were possible, the proportion of clinically suspected UTIs that had a laboratory-confirmed infection was 57%-95%. Three studies based clinical diagnosis of S. pneumoniae CAP on symptoms, radiographic evidence, and blood tests [29, 40, 41] , 1 study based diagnosis on symptoms and blood tests [30] , and 1 study [31] did not report how a diagnosis was established (Supplementary Data File 4B). Diagnostic criteria for S. pneumoniae AOM (Supplementary Data File 4C) were more uniform (symptoms, examination, and tympanocentesis) except for 1 study for which this was not reported [31] . Data relating to our primary outcome (clinical response failure) were available from 13 RCTs [27-31, 37, 38, 40, 42-46] and 9 observational studies [8, 32-34, 36, 39, 41, 47, 48] . Three observational studies reported data on reconsultations [8, 32, 35] ; 4 studies reported data on further antibiotic prescriptions [8, 34, 49, 50] ; 4 studies reported data on symptom duration [8, 32, 49, 50] ; and 1 study reported data on symptom severity [50] . Data on these outcomes were not reported by any RCTs or secondary analyses of pooled RCT data.
The appendix (Supplementary Data File 3) summarizes our risk of bias assessment of included studies. For 12 of 13 RCTs, there was low risk of reporting bias [27-29, 31, 37, 38, 40, 42-46] . Only 1 RCT reported assessing outcomes blinded from knowledge of whether the infection was antibioticresistant or antibiotic-sensitive [42]. We were not able to assess whether RCTs considered confounding variables between Not specified
To prescribed antibiotic [1] To at least 1 antibiotic [2] Gupta et al (2007) [37] United States antibiotic-resistant and antibiotic-sensitive infections except for 1 RCT [42] because baseline characteristics of the study population were not reported according to whether participants had an antibiotic-resistant or antibiotic-sensitive infection. For the 13 observational studies, participants were representative of the defined population except for 1 study [34] and generally clearly defined. Antibiotic exposure was accurately measured (eg, secure medical records) in 10 studies [8, 32-34, 36, 39, 41, 48-50] . Only 6 observational studies attempted to address potential confounders, and measurement of outcome was only satisfactorily blinded in 2 studies [8, 35] .
Figures 2-4 summarize odds ratios with 95% confidence intervals for participants with antibiotic-resistant E. coli UTIs (Figure 2 ), S. pneumoniae CAP (Figure 3) , and S. pneumoniae AOM (Figure 4) Clinical heterogeneity precluded meta-analysis for skin or soft-tissue infections because data were only available from 2 studies [43, 44] , of which 1 involved children with impetigo and the other involved adults and adolescents with a range of different infections, including cellulitis, simple abscesses, and wound infections (Supplementary Data File 5). Likewise for sore throat, there was uncertainty regarding similarity of study population characteristics between the 2 studies [46, 48] , and for sinus infections [28, 31] , 1 study [28] had only 1 patient with an antibiotic-resistant infection.
Reconsultation was significantly more likely in patients with antibiotic-resistant E. coli UTIs (Supplementary Data File 6A) (OR = 5.07; 95% CI = 2.17-11.82; n = 1283 participants, 3 studies) [8, 32, 35] . Data on patient reconsultations were not available for other infections. Two studies involving patients with M. pneumoniae CAP reported data on further antibiotic prescriptions (Supplementary File 6B) [49, 51] . However, meta-analysis was not performed because 1 study did not report which antibiotic was used to treat participants [49] , and there were no outcome events among patients with antibiotic-sensitive infections in the other study [51] . Two studies involving patients with E. coli UTIs also reported data on further antibiotic prescriptions [8, 34] . However, treatment antibiotic was not reported in 1 study [8] , and the other study focused specifically on extended-spectrum beta-lactamases (ESBL) E. coli infections [34] .
Antibiotic-resistant infections were associated with longer duration of symptoms in 2 [32, 50] of 3 E. coli UTI studies …not applicable [1] .: Resistance measured to prescribed antibiotic [2] ;: Resistance measured to at least one antibiotic [3] ;: where more than one outcome data available, the lowest number was taken. [8, 32, 50] , but not in the 1 M. pneumoniae CAP study [49] . Only 1 study compared symptom severity between antibiotic-resistant and antibioticsensitive E. coli UTIs and found that patients with resistant infections had significantly greater symptom severity between days 2 and 4 (antibiotic-resistant: 2.01, standard deviation = 0.89 vs antibiotic-sensitive: 1.47, SD = 0.88; P < .001; n = 264 participants; severity grading 0 = no symptoms, 6 = as bad as it could be) (Supplementary Data File 8) [50] .
Impact of Antibiotic Resistance in Primary
Increased odds of clinical response failure in antibiotic-resistant E. coli UTIs were demonstrated in both observational studies (OR = 4.28; 95% CI = 3.31-5.54) and RCTs (OR = 3.49; 95% CI = 1.53-7.97).Odds of clinical response failure were also increased among participants recruited from both hospital outpatient (OR = 5.42; 95% CI = 3.87-7.61) and primary-care settings (OR = 3.29; 95% CI = 2.38-4.56).
For E. coli UTIs, post hoc sensitivity analysis was conducted excluding studies conducted in areas where the prevalence of antibiotic-resistant infections was reported to be high [36] , studies that examined highlyspecific antibiotic-resistant bacteria (eg, ESBL E. coli) [34] , studies where the reported susceptibility did not match the treatment antibiotic class [29, 30, 40, 41] , and studies where the treatment antibiotic was not specified [33, 39] . This did not change the overall findings (OR = 3.27; 95% CI = 2.32-4.60; n = 1426 participants, 5 studies) [8, 32, 37, 38] .
For S. pneumoniae CAP, the findings were no longer statistically significant (OR = 1.22; 95% CI = 0.25-5.91; n = 91 participants, 2 studies) [31, 40] , after excluding studies where the reported susceptibility did not match the prescribed treatment antibiotic class [29, 30] or where the treatment antibiotic was not reported [41] . For S. pneumoniae AOM, the overall findings did not change (OR = 3.37; 95% CI = 2.04-5.56; n = 573 participants, 4 studies) [27, 31, 42, 45] , after excluding 1 study conducted in an inpatient/outpatient setting [47] .
DISCUSSION
Main Findings
Our findings demonstrate that patients who present in community healthcare settings with antibiotic-resistant UTIs and RTIs are more likely to experience clinical response failures than patients with antibiotic-sensitive infections. Patients with antibiotic-resistant E. coli UTIs are also more likely to reconsult a healthcare professional and experience prolonged and more severe symptoms than patients with antibiotic-sensitive infections. This challenges the perception that patients in the community are at little additional personal risk from the impact of antibiotic resistance for common infections.
Comparison With Existing Literature
Previous systematic reviews have demonstrated a clear association between commonly prescribed antibiotics in the community and carriage of antibiotic-resistant bacteria [22, 23, 52] . Our estimates are consistent with estimates of clinical response failure rates in community populations for UTIs (14%-38%) [53, 54] , CAP (11%-24%) [55] , and AOM (7%-24%) [56, 57] . These earlier studies did not, however, determine the specific contribution (or association) of antibiotic resistance to response failure.
We were only able to estimate reconsultation rates for E. coli UTIs, with our results (28%; n = 357/1283) being comparable with those of other studies (26%-55%) [58, 59] .
The prevalence of resistant E. coli in the UTI studies we included for our primary outcome (10.4%; n = 357/3428) falls within the lower end of the spectrum compared with most community-based population estimates (5%-53%) because this depends on the antibiotic susceptibility measured, the clinical criteria used for obtaining urine samples and diagnosing UTIs [60, S61-S63] , and study population characteristics [52] . However, when examining resistance to the same antibiotic in community populations, our prevalence of E. coli resistant to nitrofurantoin (1.75%; n = 3/171), for example, is similar to that of other studies (<2%) [S61, S63]. Similarly, the prevalence of resistant S. pneumoniae in CAP and AOM in our included studies are lower than population estimates (5.4%, n = 246/4591 vs 8%-33% for CAP [S64, S65]; 0.4%, n = 353/3407 vs 1%-48% for AOM [S66, S67]).
Strengths and Limitations
Our search strategy used validated search filters, and we included both RCTs and observational studies conducted in community healthcare settings. We identified studies that may have collected but did not publish relevant data, and we contacted a sample of the authors to request unpublished and/or additional data (Supplementary Data File 2) .
We focussed on more practical, clinically relevant outcomes for patients and clinicians, moving beyond a laboratory-focused, microbiological outcome. Because most of our included studies specifically excluded patients with known medical conditions [8, 27, 28, 30, [32] [33] [34] [35] [36] [37] [38] [39] [40] [43] [44] [45] [46] [47] [48] [49] [50] , we may be underestimating the impact of antibiotic-resistant infections in patients with multimorbidity. Individual patient data were not available to allow us to adjust for potential confounders.
An important limitation is that antibiotic resistance is just 1 explanation for clinical response failure, which could also be due to factors such as coinfection or reinfection. We cannot say what the relative contribution of antibiotic resistance was compared with other factors that could potentially influence the likelihood of clinical response failure. Such factors may also explain why a significant proportion of patients with sensitive infections failed to respond to antibiotics. Previous studies of failure from antibiotic treatment have been criticized because many patients probably had viral infections and would not have been expected to recover with antibiotic treatment [S68]. All included patients in our review had laboratory-confirmed bacterial infections. That said, this may limit generalizability of findings to clinical practice, given that treatment decisions in the community are based on clinical findings without . Although we applied a consistent approach associating resistance and sensitivity data to a specific antibiotic class, the class of treatment antibiotic was not always consistent with the class of antibiotic against which resistance was measured. This potentially overestimates clinical response failure associated with resistance to the specific antibiotic being used for treatment. Clinical response failures were more likely in both the main analysis and sensitivity analysis for E. coli UTIs and S. pneumoniae AOM but not sustained for the sensitivity analysis for S. pneumoniae CAP. We therefore cannot reach a robust conclusion that there was there was no greater likelihood of failure in resistant S. pneumoniae CAP compared with sensitive S. pneumoniae. Potential reasons for this may be the limited number of participants with CAP (n = 91), the low number of outcome events overall (n = 11), or that clinical criteria for CAP diagnosis were not reported in 1 of the 2 studies [31] . Data were limited for some infections (eg, skin or soft tissue) and secondary outcomes. It remains unclear whether other infections or bacteria have similar implications on patients' illness burden.
Implications for Practice, Policy, and Future Research
Clinically, our findings support the need to better identify patients who might need an antibiotic. By testing for antibiotic resistance through promoting and evaluating rapid diagnostics, we can avoid or reduce the risk of clinical response failure. Early evidence suggests that rapid diagnostics used in a community setting can guide antibiotic prescribing for CAP [S71], and trials are underway for UTIs [S72, S73] .
Given that at least 1 in 3 women will experience a UTI during their lifetime [4] and that the incidence of UTI is approximately 0.5-0.7 per person-year [S74], our findings show that antibiotic resistance significantly impacts on patients' illness burden. We estimate that clinical response failure is almost 3 times more likely in patients with antibiotic-resistant E. coli UTIs and around 2 times more likely in patients with antibiotic-resistant S. pneumoniae CAP and AOM than in patients whose infections are antibiotic-sensitive based on our odds ratio estimate and median clinical response failure rate (E. coli UTI: relative risk = 2.96, OR = 4.19, median failure rate = 13%, range = 9%-32% [8, [32] [33] [34] [36] [37] [38] [39] ; S.pneumoniae CAP: relative risk = 1.97, OR = 2.15, median failure rate = 8%, range = 4%-50% [29-31, 40, 41] ; and S.pneumoniae AOM: relative risk = 2.18, OR = 2.51, median failure rate = 10%, range = 4%-16% [27, 31, 42, 45, 47] ). Expressing the consequences of antibiotic-resistant infections in terms that are more meaningful to patients, among whom the concept of antibiotic resistance has been shown to be misunderstood [2] , is important, especially where decisions about whether to start antibiotics may not be clear cut.
This impact may be much greater where the prevalence of antibiotic-resistant E. coli is higher (eg, in children with UTIs) [52] . Recent evidence reports that the global pooled prevalence of trimethoprim resistance used as first-line antibiotic treatment for E.coli UTI in children is 23.6% (range = 17.9%-30.3%) [52] . For more common illnesses like RTIs, the impact of antibiotic-resistant S.pneumoniae CAP in adults may be considerable because estimates vary considerably across European countries where approximately 1%-50% of S.pneumoniae isolates have been recorded as nonsusceptible to penicillin or macrolides [S75, S76].
A better grasp of the implications of antibiotic resistance on tangible outcomes may help curb patients' expectations for antibiotics [S77] , facilitate shared decision making [S78], and inform more appropriate antibiotic prescribing behavior [S79] by informing guidelines, campaigns, and interventions to help healthcare professionals explain the potential implications of antibiotic-resistant infections in relation to outcomes that matter to patients.
More research is needed on the socioeconomic burden associated with antibiotic-resistant infections in the community, both in relation to direct healthcare resource utilization and indirect costs (eg, days off work) [S80] . Future work needs to develop a better understanding of the relationship between antibiotic prescribing levels and development of clinically significant antibiotic resistance in the community.
CONCLUSIONS
Antibiotic resistance has worse implications for patients' illness burden in the community. These findings could usefully inform better dialogue between clinician and patient, guidelines and campaigns about the benefits and risks of antibiotic treatment.
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